WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 5/00, 5/04, 15/00, 15/09, 15/29, 
15/63, 15/64, 15/82, A01H 1/00, 3/00, 
4/00, 5/00 



Al 



(11) International Publication Number: WO 98/03631 

(43) International Publication Date: 29 January 1998 (29.01.98) 



(21) International Application Number: PCT/US97/I2656 

(22) International Filing Date: 17 July 1997 (17.07.97) 



(30) Priority Data: 

08/683,242 



18 July 1996 (18.07.96) 



US 



(71) Applicant: THE SALK INSTITUTE FOR BIOLOGICAL 

STUDIES [US/US]; 10010 N. Torrey Pines Road, La Joila, 
CA 92037 (US). 

(72) Inventors: DOERNER, Peter, W.; 1410 Horn blend. San Diego. 

CA 92109 (US). LAMB. Christopher, J.; 6444 Farley Drive, 
San Diego, CA 92122 (US). 

(74) Agent: HAILE, Lisa, A.; Fish & Richardson P.C., Suite 1400, 
4225 Executive Square. La Jo! la, CA 92037 (US). 



(81) Designated States: AL, AM. AT, AU, A2. BA, BB BG, BR 
BY, CA, CH, CN. CU. CZ, DE, DK, EE. ES, FI, GB. GE, 
GH, HU. IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU. LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL. PT. RO, RU, SD, SE. SG, SI, SK, SL, TJ, TM, TR, 
TT. UA, UG. UZ, VN, YU, ZW, ARIPO patent (GH. KE. 
LS, MW, SD. SZ, UG, ZW), Eurasian patent (AM, AZ, BY, 
KG. KZ, MD, RU, TJ, TM), European patent (AT, BE, CH. 
DE, DK, ES. FI, FR, GB. GR. IE. IT. LU. MC. NL, PT, 
SE), OAPI patent (BF. BJ, CF. CG, CI, CM. GA. GN, ML. 
MR, NE, SN, TD. TG). 



Published 

With international search report. 



(54) Title: METHOD OF INCREASING GROWTH AND YIELD IN PLANTS 
(57) Abstract 

The invention provides a method of producing a genetically modified plant characterized as having increased growth and yield as 
compared to a corresponding wiid-rype plant comprising increasing the level of cyclin expression in the plant Genetically modified plants 
characterized as having increased growth and yield are also provided. 



: <WO__9603631A1 J_» 



> . 



( 



FO/f r/f£ PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the.front pages of pamphlets publishing international applications under the PCT{ 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Fmland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France * . 


LU . . 


Luxembourg 


SN 


' Senegal " 


AU 


Australia 


CA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados ;'' y - 


CH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium ^ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


1IU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IK 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania - 


uc 


Uganda 


BY 


Belarus 


15 


Iceland 


MW 


Malawi 


us 


United Statu of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyxstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNS0OCI0: <WO 9803631 A1J_> 



WO 98/03631 



PCTAJS97/12656 



- 1 - 



METHOD OF INCREASING? GROWTH AND YIELD IN PLANTS 

5 Field of the Invention 

The present invention relates generally to plant genetic engineering, and specifically to 
a method for producing genetically engineered plants characterized as having increased 
growth and yield. 

1 0 Background of the Invention 

For each plant species, there exists a wide discrepancy in plant growth due to 
environmental conditions. Under most conditions, the maximum growth potential of a 
plant is not realized. Plant breeding has demonstrated that a plant's resources can be 
redirected to individual organs to enhance growth. 

5 Genetic engineering of plants, which entails the isolation and manipulation of genetic 
material, e.g., DNA or RNA. and the subsequent introduction of that material into a plant 
or plant cells, has changed plant breeding and agriculture considerably over recent years. 
Increased crop food values, higher yields, feed value, reduced production costs, pest 
resistance, stress tolerance, drought resistance, the production of pharmaceuticals. 

0 chemicals and biological molecules as well as other beneficial traits are all potentially 
achievable through genetic engineering techniques. 

|he ability to manipulate gene expression provides a means of producing new 
characteristics in transformed plants. For example, the ability to increase the size of a 
plant's root system would permit increased nutrient assimilation from the soil. 
5 Moreover, the ability to increase leaf growth would increase the capacity of a plant to 
assimilate solar energy. Obviously, the ability to control the growth of an entire plant, 
or specific target organs thereof would be very desirable. 
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Summarv of the Invention 



The present invention is based on the discovery that increased growth and yield in plants 
can be achieved by elevating the level of cyclin expression. 

In a first embodiment, the invention provides a method of producing a genetically 
5 modified plant characterized as having increased growth and yield as compared to a 
corresponding wild-type plant. The method comprises contacting plant cells with nucleic 
acid encoding a cyclin protein, wherein the nucleic acid is operably associated with a 
regulatory sequence, to obtain transformed plant cells: producing plants from the 
transformed plant cells; and selecting a plant exhibiting said increased yield. The cyclin- 
1 0 encoding nucleic acid preferably encodes the cyclin eye 1 aAt. 

In another embodiment, the invention provides a method of producing a plant 
characterized as having increased yield, the method comprising contacting a plant with 
an agent which elevates cyclin expression above cyclin expression in a plant not 
contacted with the agent. The agent may be a transcription factor or a chemical agent 
15 which induces an endogenous cyclin promoter or other chemically inducible promoter 
driving expression as the cyclin transgenc. 



The invention also provides plants, plant tissue and seeds produced by the methods of 
the invention. 
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Brief Descriptinn. of the Drawing 
Figure 1 shows steady state levels of cdc2aAt mRNA and p34 protein, panel a: cyclaAt 
mRNA during IAA induction of lateral root meristems, panel b; cyclaAt mRNA in 
selected non-induced transgenic lines, panel c: normalized transcript levels relative to 
5 wild-type are indicated. Col-0, wild-type; 1 A2, 2A5. 4 A3, 1 1 AI : T2 homozygous: 6A, 
7A, 8A: Tl heterozygous transgenic lines. 

Figure 2 shows an in situ hybridization analysis of cdc2aAt and cyclaAt transcripts in 
root apices and developing lateral roots. Panels a-d show cross sections of quiescent 
roots (panels a.b) or proliferating cells in primordia (panels c.cf) that were hybridized to 
10 cdc2aAt (a) or cyclaAt (h-d) anti-sense probes. Panels e. / show cyclaAt mRNA 
abundance in contiguous meristematic cell files in root apices. Transcript accumulation 
is indicated by silver grain deposition and visualized by indirect red illumination. Scale 
bar is 10 um in a-d, 5 .^m in e. fc. founder cell accumulating cyclaAt transcripts; p, 
pericycle cell layer; r. towards the root apex; s. towards the shoot. 

15 Figure 3 shows increased root growth rate in Arabidopsis thaliana (A.thaliana) 
ectopically expressing cyclaAt cyciin. Panel a. Wild-type (left) or transgenic line 6A (Tl 
generation) containing the cdc2aAt:: cyclaAt gene fusion (right). Arabidopsis seed were 
plated on MS (3% sucrose) agar and grown in a vertical orientation for 7 d. Plants 
transformed with the vector alone or with unrelated promoter: :uidA constructs or with 

20 a cdc2aAt:: cyclaAt fusion in which the cdc2aAt 5' untranslated leader was interrupted 
by a DS transposon insertion did not show this phenotype. Panel b. wild-type (left) or 
^ transgenic line 6A (Tl generation) (right) 6 d after IAA induction of lateral roots. One 
^week-old seedlings grown hydroponically were treated with 10 uM lAA c(T to stimulate 
lateral root development. 



t 
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Description of the Preferred Embodiments 
The present invention provides methods for increasing the yield of a plant, such as a 
agricultural crop, by elevating the cyclin expression level in the plant. Increased cyclin 
expression in plant cells competent to divide results in increased plant growth. 

5 In a preferred embodiment, the invention provides a method for producing a genetically 
modified plant characterized as having increased yield as compared to a plant which has 
not been genetically modified (e.g., a wild-type plant ). The method comprises contacting 
plant cells with nucleic acid encoding a cyclin protein, wherein the nucleic acid is 
operably associated with a regulatory sequence to obtain transformed plant cells: 
10 producing plants from the transformed plant cells: and thereafter selecting a plant 
exhibiting increased growth and yield. 

As used herein, the term '•yield" or "plant yield" refers to increased crop growth, and/or 
increased biomass. In one embodiment, increased yield results from increased growth 
rate and increased root size. In another embodiment, increased yield is derived from 
1 5 shoot growth. In still another embodiment, increased yield is derived from fruit growth. 

The term "genetic modification" as used herein refers to the introduction of one or more 
exogeneous nucleic acid sequences, e.g., cyclin encoding sequences, as well as 
regulatory sequences, into one or more plant cells, which can generate whole., sexually 
competent, viable plants. The term "genetically modified" as used herein refers to a 

20 plant which has been generated through the aforementioned process. Genetically 
modified plants of the invention are capable of self-pollinating or cross-pollinating with 
other plants of the same species so that the foreign gene, carried in the germ line, can be 
inserted into or bred into agriculturally useful plant varieties. The term "plant cell" as 
used herein refers to protoplasts, gamete producing cells, and cells which regenerate 

25 into whole plants. 



BNSOOCID: <WO_9803631A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 98/03631 



PCT/US97/12656 



- D - 



As used herein, the term "plant" refers to either a whole plant, a plant part, a plant cell ' 
or a group of plant cells, such as plant tissue or plant seed. Plantlets are also included 
within the meaning of "plant". Plants included in the invention are any plants amenable 
to transformation techniques, including gymnosperms and angiosperms, both 

monocotyledons and dicotyledons. 



Examples of monocotyledonous angiosperms include, but are not limited to. asparagus 
field and sweet com. barley, wheat, rice, sorghum, onion, pearl millet, n* and oats and 
other cereal grains. Examples of dicotyledonous angiosperms include, but are not limited 
to tomato, tobacco, cotton, rapeseed. field beans, soybeans, peppers, lettuce, peas, alfalfa 
10 clove, cole crops or Bra.ssica oleracea (e.g.. cabbage, broccoli, cauliflower, brussei 
sprouts), radish, carrot, beets, eggplant, spinach, cucumber, squash, melons, cantaloupe 
sunflowers and various ornamentals. Examples of woody species include poplar, pine, 
sequoia, cedar, oak, etc. 

The term "exogeneous nucleic acid sequence" as used herein refers to a nucleic acid 
5 foreign to the recipient plant host or, native to the host if the native nucleic. acid is 
substantially modified from us original form. For example, the term includes a nucleic 
aad ongxnaung in the host species, where such sequence is operablv linked to a promoter 
that difle* from the natural or wild-type promoter. In the broad method of the invention 
at least one nucleic acid sequence encoding cyclin is operably linked with a promoter 
0 It may be desirable to introduce more than one copy of cyclin polynucleotide into a plant 
for enhanced cyclin expression. For example, multiple copies of a cyclin polvnucleotide 
^vould have the effect of increasing production of cyclin even further in the plant. 

The term "regulatory sequence" as used herein refers to a nucleic acid sequence capable 
of controlling the transcription of an operably associated gene. Therefore, placi ne a gene 
, under the regulatory control of a promoter or a regulatory element means positioning the 
gene such that the expression of the gene is controlled by the regulator sequences) I n 
general, promoters are found positioned 5' (upstream) of the genes that thev control 
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Thus, in the construction of promoter gene combinations, the promoter is preferably 
positioned upstream of the gene and at a distance from the transcription start site that 
approximates the distance between the promoter and the gene it controls in the natural 
setting. As is known in the art, some variation in this distance can be tolerated without 
5 loss of promoter function. Similarly, the preferred positioning of a regulatory element, 
such as an enhancer, with respect to a heterologous gene placed under its control reflects 
its natural position relative to the structural gene it naturally regulates. 

Cyclin-encoding nucleic acids utilized in the present invention include nucleic acids 
encoding mitotic cyclins such as. for example, cyclin B; nucleic acids encoding S- phase 
cyclins such as. for example cyclin A. and nucleic adds encoding Gl phase cvclins. 
Specific cyclins which can be utilized herein include cyclaAt, C yc3aAt. C yc3bAt. cycdl . 
cycd2 and the like. Preferably, the nucleic acid used in the method of the invention 
encodes the eye 1 aAt protein (Genebank Accession No. X62279). 

Genetical ly modified plants of the present invention are produced by contacting a plant 
15 cell with a nucleic acid sequence encoding the desired cyclin. To be effective once 

introduced into plant cells, the cyclin-encoding nucleic acid must be operably associated 

with a promoter which is effective in plant cells to cause transcription of the evelin 

transgene. Additionally, a polvadenylation sequence or transenption control sequence. 

also recognized in plant cells, may also be employed. It is preferred that the nucleic acid 
20 be introduced via a vector and that the vector harboring the nucleic acid sequence also 

contain one or more selectable marker genes so that the transformed cells can be selected 

from^non-transformed cells in culture, as described herein. 

The term "operably associated" refers to functional linkage between a regulator 
sequence, preferably a promoter sequence, and the cyclin-encoding nucleic acid sequence 
25 regulated by the promoter. The operably linked promoter controls the expression of the 

cyclin nucleic acid sequence. 
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The expression of cyciin genes employed in ,he present invention may be driven bv a 
number of promoters. AUhough the endogenous, or native promoter of a structural gene 
of .merest may be utilized for transcriptional regulation of the gene, preferably, the 

promoter is a foreign regulatory sequence. 

5 When it is desired to increase growth and yield in the whole plant, cvclin expression 
should be directed to all cells in the plant which are capable of dividing This can be 
accomphshed by using a promoter active in all meristems. Such promoters include for 
example, the cdc2a promoter and the cvc07 promoter. fSee for example, ho « al Plan, 
. Mol. Biol.. 24:863. 1994: Maninez er al.. Proc . Nati Acad & . ^ ' ] ^ 

10 Medford « ,/.. PlaM Cell. 3:359. 1991: Terada ei aL Platu JournaL ^ ^ 
Wissenbach er a/., Plant Journal, 4:41 1 , 1 993). 

When it is desired to mcrease growth and yield in a specific organ, cyciin expression 
should be targeted to the appropriate meristem, the shoot meristem. the flora. 
mer 1S tem. the root meristem etc. This can be accomplished by using a tissue specific 
> promoter. Examples of tissue specific promoters active in shoot meristems are described 
an Atanassova et al.. Plant Journal, 2:291. 1992 and Medford « al.. Plant 0/7^359 
1991 . Examples of tissue .specific promoters active in floral meristems are the promoters 
of the agamous and apetala J genes are described in Bowman et aL Plan, Cell. 3:749. 
1991; and Mandel et aL. Nature, 360:273. 1992 

20 The particular promoter selected should be capable of causing sufficient cvclin 
|press,on to cause increased yield and/o, increased biomass. 1, shou,d be understood 
*a, cychn expression can be altered in cells that are competent to divide. The promoters 
used ln the vector constructs of the present invention may be modified, if desired to 

affect their control characteristics. 

25 Optionally, a setaable marker may be associated with the cyclin-encoding nucieic acid 
As used herein, the term "marker" refers to a gene encoding a trai, or a phenotype which 
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perrnia fte selecion o, or fte screen,„ B for , . plaM „ ^ 

an t ,b,o„c can be used ,o selec, for .reformed cells fcra amo „ g ^ J 
2— ■ *-* - — — * markers i„c,u d e a d L ft ^ I^' 

"Tt r \ ' h "-- B -— klnase . xant 2; 

guamne phospho-ribosyUransferase and amino-glvcoside 3' O nh„< K 

n*u • i, g - cos,ae J "^Phosphotransferase If 

Cher suuable markers will be known ,o .hose of ski,, in fte an. 

To commence a ,ransforma,io„ process in accordance wift the presen, inven.ion i, is 
( rs, necessary ,o cons,™ a sui,ab,e v cc ,or and proper,, i„,ro du ce i, in.o fte pian ' 
-0 Vecroris) employed in fte presen, inve„, ro „ lor lransfoma , ion rf , ™ ' 

^ n-e„co dl ng nucie.c acid seouence operab, assocared wift a promo,, e 0 

Cyciin-encodrng nucleic acid seouences u, ili2 ed in fte presen, i„ve„ t io„ can be 
produced ,n,o plan, cells using Ti plasmids of , um , f J s 

u, umnt . root . lnducins (Ri) p|asmids of A ^ bacmtum < 

'J!""""" : d Plam Vi ™ S VeC,0rS ' <F ° r reVieWS - for lamp 

<id hd.. Blackie. London Ch 7-Q nr>^ u~ l 

iuon. t.n. /-y. and Horsch et a/.. Science ,227 1^9 1QRS u n +u 

:::t? t by referenM, • in addit, ° n ,o >- --^™ ^ 

el h' " SmidS ° f AerobaCKri ™' -ftods mav mvo.ve fo 

exarnpie. fte use of liposome, election, chemicals ftar increase freeDNA up^ 
>ran rf orma.,on.usi„g viruses or pollen an d fte use of microprojecion. . 

" Tver ° f ^ a " ^ Se ' eC1 " — f °' -0 d uc.„ o fte 

^ " Udefc - W » • —vd, i ra ac,,,a t e. Thus, anv vector vl h 

w„l pro d uce a plan, earning fte imroducK , cyc|i „. en ■ ° * 
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suffice Even use of a naked piece of DNA would be expected ,o confer the properties 
of thrs mvenrion. though a, low efficiency. The selection of the vector, or whether to use 
a vector, is typically guided by the method of transformation selected. 

The transformatton of plants in accorda.ee with the invention may be carried out in 

17o s "Z ^ V3ri0US "** ^ '° *°" *' ,ed h *» « °^"< ocular 
btology. (See. for example. Methods of Enzymology, Vol. ,53, 1987, Wu and Grossman 

Eds Academic Press, incorporated herein by reference, As used herein, the term' 

.ransformat.on" means alteration of the genotype of a host plan, by the introduction of 

cychn-nucleic acid sequence. 

■ 0 For example, a cyclin-encodtng nucleic acid can be introduced into a plan, «... utilizing 
A. contatnmg the Ti plasmid. as mentioned briefly above. In usintt an , 

■™efacie m cuhure as a transformatton vehicle, i, is most advantageous to use"a non- 
oncogen, strain of Agrobactenum as the vector carrier so tha, norma, non-oncogenic 
d,f,=rent,a„o„ of the transformed tissues is P ossib,e. „ is a,so preferred that the 
Agrobacterium harbor a btnary Ti plasmid system. Such a binary system comprises „ 

"2 TT ? ^ 2> 2 CWmCriC Pl3Smid ^ ■"«»« ""«ins 

as, one border regton of ,he T-DNA region of a wild-type Ti plasmid flavin* , h e 

nuc^c acid to be transferrC. Binary Ti plasmid systems have been shov.„ effect,; in 
the r^nsformauon of p,an, cc„s (De FrSmond. «« tta% I:262 . , 983; „ oekeraa „ 
OL Ha^. m:ln , 1M3 > Such . Wnary sysKm _ s prefemd ^ ^ 

J'" mK!pati0n in '° ,h = Ti Pteraid <** which is an o,der methodology. 

Methods involving the use of Agrobacterium in transformation according to the present 
™.T' Ud ; bu, are no. hmited ,o : „ co-cu„,va,,o„ of AgrobactenuHI 
cu„u«d tsolated protoplasts: 2, transformation of p,a n! c=lls 6r tissu£s ^ 
A^bactenum; or 3, transformation of seeds, apices or meristems with Agrobactertum 
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in addttton,. gene transfer can be accomphshed by ,„ plama transformation bv 
AgrobactenW as described by Bechtold era,.. (CP. Scad Sc. Pons, Ufr, „< , 9931 
and exemplified in the Espies herein. This approach is based on the vacuum 
inhJtrat,on of a suspension of Agrobacterium cells. 

5 The preferred method of introducing a cyciin-encoding nucieic acid into p,a„, ce„s is to 
.nfectsuchpiantceiU.ane.piant.amenstem oraseed. w,,h transfotmed A. ^facUns 
as escnbed above. Under appropnate condit.ons known in the a„. the transformed plan, 
cells are grown , 0 form shoots, roots, and develop fttrther m.o plants. 

10 m!r aUVC , ' ' C> : hn - enCOdin8 " UdtiC «» * ™— ed into a pian, cel, us.ng 
.0 m=c a„,ca, or chemical means. For example, the nucleic ac.d can be mechanical,! 
uansierred into the p,an, cel, by microinjection ustng a micropipet,, Alternately the 
nucletc acid may be transferred into the plan, cel, by using polyethylene glvco, which 
iorms a precipi.a.ion complex with genetic material tha, is taken up by the cell. 

.5 Cyclin-encoding nucleic acid can also be introduced into plan, cells by electroporation 
fFromm „ »,.. Proc. Na„. Aca,. Sc,. U.S.A.. 82:5824. ,985. which is incorporated 
herem by reference,. ,„ this technique, plant protoplasts ate e,ec,ropora,ed in the 
presence of vecors or nucieic actds contacting the relevant nucleic acid sequences 
Electrical impuisesof high field strength reversibly permeabilize membranes al.owtng 

,0 the tntroducon of nuc.etc acid, Electroporated plati, protoplasts reform the ceN wal, 
dtv.de and form a ph. callus. Se,ec,ion of the transformed plan, cells with ,he 
formed gene can be accomplished using phenotypic markers as described here.n. 

Another method for introducing a cydin-encoding nucleic acid into a plan, cell is high 
velocity baUistic penetration by small particles with the nucleic acid to be introduced 
-5 contatned either within the matrix of such particles, or on the surface thereof (Klein „ 
,1. Na«n 227:70, ,987, Bombardment transformation methods are also described in 
Sanforde,./.(7-e*,„, £I 3:3., 6 . ,99,, and Klein „ a,. iB,o,Tec h ni ques m2u 199 ,, 
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AJthougn, W i=allv onjy a sing,e induction of a new nucleic acid sequence is required 
this method particularly provides for multiple introductions. 

Cauliflower mosaic v,rus (CaMV, may a.so be used as a vector for introducing nucleic 
_ acd .nto Ptam cells (US Patent No. 4,407,956). CaMV vira, DNA genome is inserted 
> mto a parent bacteria, plasmid creating a recombinant DNA molecule which car, be 
propped in bacteria. After cloning, the recombinant plasmid again may be cloned and 
taher modrfied by introduction of me desired nucleic acid sequence. The modified viral 
port.on of the recombinant plasmid is then exdscd from the parent bacteria, piasmid and 
used to inoculate the plant cells or plants. 

■0 As used herem. the term "con.acng" refers ,o any means of introducing a cyclin- 
encodmg nucleic acid into a plan, cell, including chemical and physical means as 
described above. Preferably, contacting refers to inducing rhe nucleic acid or vector 
conta.mng ,he nucleic acid into plan, cells (including an exptan,. a meristem or a seed, 
™ A u m e,acicn S transformed with the cyclin-encoding nucleic acid as described above.' 

•5 Norma,,, a plan, cel, is regenerated ,o obtain a whole plan, from the transformation 
process. The immediate product of the ,ransforma,ion is referred ,o as a "transceno.e- 
The - ■■growmg" or "regeneranon- as used herein means growing a whole plan, from 
a plan, cell, a group of p,an. cells, a p,an, par, (including seeds), or a plan, piece „ . 
from a protoplast, callus, or tissue part). . 

20 ^generation from protoplasts varies from species ,o species of plants, but generaHy a 
suspension of protoplasts is f„s, made. ,„ certain species, embryo formation can then 
be tnduced from the pro.oplas, suspension. The culture media will generahv contain 
various amino acids and hormones, necessary for growth and regeneration: Examp,es 
of hormones utilized inCude auxins and cytokinin, Efficien, regeneration wiU depend 

o on the medium, on the genotype, and on the history of the culture. If fee variables are 
controlled, regeneration is reproducible. 
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Regeneration also occurs from plant callus, explants. organs or pans. Transformation 
can be performed in the context of organ or plant part regeneration, (see Methods in 
Enymohgy, Vol. 118 and-Klee et aL Annual Review of Plant Physiology. 31467 
1987). Utilizing the leaf disk-transformation-regeneration method of Horsch « a! 
5 Science, 221:1229. 1985. disks arc cultured on selective media, followed by shoot 
formation in about 2-4 weeks. Shoots that develop are excised from calli and 
transplanted to appropriate root-inducing selective medium. Rooted plantlets are 
transplanted to soil as soon as possible after roots appear. The plantlets can be repotted 
as required, until reaching maturity. 

1 0 In vegetat.veiy propagated crops, the mature transgen.c planes are propagated bv utilizing 
cuttings or tissue culture techniques to produce multiple identical plants. Selection of 
des.rable transgenotes is made and new varieties are obtained and propagated 

vegetatively for commercial use. 

In seed propagated crops, mature transgenic plants can be self crossed to produce -a 
5 homozygous inbred plant. The resulting inbred plant produces seed containina the newly 
.ntroduced foreign gene(s). These seeds can be grown to produce plants that would 
produce the selected phenotype. e.g. increased yield. 

Parts obtained from regenerated plant, such as flowers, seeds/leaves, branches roots 
frutt and the like arc included in the invention, provided that these parts comprise plant 
0 cells that have been transformed as described. Progeny and variants, and mutants of the 
regenerated plants are also included within the scope of the invention, provided that these 
parts comprise the introduced nucleic acid sequences. 

Plants exhibiting increased growth and/or yield as compared with wild-rvpe plants can 
be selected by visual observation. The invention includes plants produced by the 
5 method of the invention, as well as plant tissue and seeds. 
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In another embodiment, the invention provides a method of producine a plant 
characterized as having increased growth and yield by contacting a plant capable of 
mcreased yield with a cyclin promoter-inducing amount of an agent which induces evelin 
gene expression. Induction of cyclin gene expression results in production of a plant 
? having increased yield as compared to a plant not contacted with the agent. 

A "plant capable of increased yield" refers to a plant that can be induced to express its 
endogenous cyclin gene to achieve i ncrease d yi e]d . The term -promoter inducin, 
amount" refers to that amount of an agent necessary to elevate evelin aene expression 
above cyclin expression in a plant cell not contacted with the agent, bv stimulation the 
1 0 endogenous cyclin promoter. For example, a transcription factor or a chemical 

be used to elevate gene expression from native cyclin promoter, thus inducing the 
promoter and cyclin gene expression. 

The invention also provides a method of providing increased transcription of a nucleic 
acid sequence in a selected tissue. The method comprises growins a plant having 
integrated in us genome a nucleic acid construct comprising, an exogeneous" E ene 
encoding a cyclin protein, said gene operably associated with a tissue specific wherebv 
transcription of said gene is increased in said selected tissue. ~ 

Plant development is plastic with post-embryonic organogenesis mediated bv meristems 
(Sleeves and Sussex. Patterns in Plant Development. 1-388 (Press Syndicate of the 

0 University of Cambridge, Cambridge, 1989)). Although cell division is intrinsic to 
menstem initiation, maintenance and proliferative growth, the role of the cell cvcle in 
regulating growth and development is unclear. To address this question, the expression 
of cdc2 and cyclin genes, which encode the catalytic a*d regulatorv subunits 
respecuvely, of cyclin-dependent protein kinases controlling cell cvcle progression 

5 (Murray and Hunt. The Cell Cycle (New York), 1993) were examined. Unlike cdC> 
winch is expressed not only in apical meristems but also in quiescent meristems 
(Martinez et aL Proc. Natl. Acad. Sci. USA, 89:7360. 1992). transcripts of cvclaAt 
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accumulated specifically in active meristems and dividing cells immediately before 
cytokinesis. Ectopic expression of cyclaAt under control of the cdc2aAt promoter in 
Arabidopsis plants markedly accelerated growth without altenng the partem of 
development or inducing neoplasia. Thus, cyclin expression is a limiting factor for 

5 growth. 

The above disclosure generally describes the present invention. A more complete 
understanding can be obtained by reference to the following specific examples which are 
provided herein for purposes of illustration only and are not intended to limit the scope 
ot the invention. 



10 



EXAMPIF 1 

A full length cyclaAt cyclin cDNA was placed under control of the Arabidopsis cdc2aAt 
promoter (Hemerly et al., 1992. supra). The chimeric gene was cloned into a T-DNA 
transformation vector carrying the selection marker hygromycin phosphotransferase 
(HygOand transformed into Arabidopsis using the vacuum-infiltration method (Bechtold 
1* and Pelletier, Acad. Sci. Pans. Life Sci., 316:1 194. 1993) to introduce Agrobacterium 
tumelaciens. Several independent transgenic lines having elevated steadv-state levels of 
cyclaAt mRNA showed a dramatic increase of both main and lateral root orowth rate 
correlated with proportionally increased fresh weight, dry mass and DNA content but 
not cell size. Enhanced growth was orderly, with no observed differences in morphology 
20 and clearly not neoplastic. 

Arab|dopsis seedlings (ecotype Columbia) were grown in 20 ml MS medium (Murashige 
and Skoog, PHysioi Plan,, 15:473. 1962). Eight- to 1 0-day-o.d plants were transferred 
to MS medium buffered with 50 mM potassium phosphate. pH 5.5. and initiation of 
lateral roots was stimulated by addition of IAA to 1 0 «M err (non-dissociated lAA) Roots 
2. were collected at the time points indicated and total RNA and protein isolated. 500 ng 
poly(A )+ RNA was separated on 1% formaldehyde gels (Ausubel et al Current 
Protocols in Molecular Biology. Green Publishing Associates and Wiley-Interscience 
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New York, 1987), transferred to Nytran membranes (Schleicher and Schtlll) and 
hybridized to 3: P-labeled probes corresponding to nucleotides (nt) 674-1004 of cyclaAt 
(Hemerly et al.Proc. Natl. Acad. Sci. USA, 89:3295, 1992;, or nt 661-1386 of 
Arabidopsis cdc2a.il (Hirayama et ai. Gene, !£5:159, 1991). followed by hybridization 

5 with nt 2576-2824 of Arabidopsis UB03 (Norris et ai. Plant Mol. Biol., 2J.:895, 1993) 
for normalization. Blots were quantified with a Molecular Dynamics Phosphorimager. 
cyclaAt is a single copy gene in Arabidopsis. Total protein was separated on 12% SDS- 
PAGE and transferred to PVDF membranes. P 34 cdc2sAt was detected with serum raised in 
rabbits against the peptide YFKDLGGMP (SEQ ID NO:l ), corresponding to amino acids 

0 2S6-294. and visualized by Enhanced Chcmiluminescence Assay (Amersham). 

Figure 1 shows steady state levels of cdc2a.At mRNA and p34 protein, panel a; cyclaAt 
mRNA during IAA induction of lateral root meristems, panel b\ cyclaAt mRNA in 
selected non-induced transgenic lines, panel c: normalized transcript levels relative to 
wild-type are indicated. Col-0. wild-type; 1A2. 2A5. 4A3. 1 1 AI : T2 homozygous; 6A. 
5 7A. 8A: Tl heterozygous transgenic lines. cyclaAt mRNA levels in the lines 4A3, 6A. 
7A. 8A. and 3 A exceeded those of IAA induced wild-type roots. 

The levels of cdc2 mRNA and p34 edc: protein per cell did not markedly change following 
stimulation of lateral root initiation by the auxin indoleacetic acid (IAA) (Fig. 1, pane! 
a). Hence, while cdcl expression is correlated with the competence to divide, root growth 
0 and initiation of lateral roots do not appear to be limited by the abundance of the cyclin- 
dependent protein kinase p34 catalytic subunit and. moreo%'er. ectopic expression of cdc2 
•|n transgenic Arabidopsis failed to perturb growth or development (Hemerly et ai. 
EMBOJ., 14:3925. 1995). 

In contrast. IAA treatment of Arabidopsis roots induced the expression of several eye 
5 genes from low basal levels and in particular cyclaAt mRNA. which encodes a mitotic 
cyclin (Hemerly et ai. supra)), exhibited a rapid 1 5 to 20-fold increase (Fig. 1 . panel b). 
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Figure 2 shows an in situ hybridization analysis of cdc2aAt and cyclaAt transcripts in 
root apices and developing lateral roots. Panels a-d show cross sections of quiescent 
roots (panels a.b) or proliferating ceils in primordia (panels c.d) that were hybridized to 
cdc2aAt (a) or cyclaAt (b-d) anti-sense probes. Panels e.f show cyclaAt mRNA 
5 abundance in contiguous meristematic cell files in root apices. Transcript accumulation 
is indicated by silver grain deposition and visualized by indirect red illumination. Scale 
bar is 10 urn in a-d. 5 urn in e. fc, founder cell accumulating cyclaAt transcripts; p, 
pericycle cell layer: r. towards the root apex: s. towards the shoot. 

Tissue samples were processed for in situ hybridization to examine expression of cyclin 
!0 transcripts. The samples were treated with 10 uM IAA. After 8 or 24 h incubation, 
radish {Raphanus saliva var Scarlet Globe) roots were processed as described ( Drews et 
al.. Cell. 65:991. 1991). Sections (8 U m) were hybridized to a 33 P-labeled RNA probe, 
corresponding to nt 674-1004 of cvc/a/J/ (Hemerly et al., supra) (Fig. 2. panels b-e) or 
to a J? S-labeled probe used in a corresponding to nt 661-1 386 of cdc2aAt fHirayama et 
15 al.. supra), for 14 h at 48 °C in 50% formamide. After hybridization, the final washes 
were for 1 h at 58°C in 0.015 m Nad and slides were then exposed for 3 weeks 
[cyclaAt) or 5d (cdc2aAt). After developing, silver grains were illuminated laterally with 
red light, specimens were, visualized by phase contrast and double exposures were taken 
. on FUJI Velvia film. Images were assembled in ADOBE Photoshop. For the analysis 
20 summarized in Fig. 2: panel / silver grains were'eouhted and cell size measured in the 
cell file shown in Fig. 2, panel e. 

In siju hybridization showed that, unlike cdc2. cyclaAt transcripts were not detected in 
quiescent pericycle cells, but accumulated in single, cytoplasmically dense cells of 
incipient lateral root primordia. and in the emergent organ cyclaAt was expressed 
25 exclusively in the meristem (Fig. 2. panels a-d). Moreover, crucifer roots consisted of 
long cell files that arise by transverse divisions followed by .longitudinal expansion 
(Dolan et al.. Development, 119:71 . 1993). and within such a contiguous spatial display 
of sequential cell division phases. cyclaAx transcripts accumulated only in iarge cells 
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immediately prior to cytokinesis, declining to background levels in the adjacent small 
daughter cells (Fig, 2. panels e. J). A similar, stringent spatio-temporal relationship of 
cychn expresston and mitosis was observed in Antirrhinum shoot apical meristems 
(Fobert et ai. EMBOJ., 13:616, 1994). 

5 The close correlation between cyclaAt expression and cell division during growth of the 
root a pi ca. meristem and the initiation of lateral roots, together with the pattern of 
cycla.it promoter activity deduced from the expression of cyclaAt: :uidA gene fusions 
m transgenic A^bidopsis (Ferreira « al.. Plant CelL 6: 1 763. 1 994). suited that cvclin 
abundance might be a key factor regulating root growth and development To test' this 
10 hypothec transgenic Arabidopsis were generated fBechtoid and Pelleuer Acad. Sci 
Pan, Life Sc. 316:1,94. .993) containing cyclaAt under control of the ede^t 
promoter. Five transformants were obtained in which the level of cvclaAt mRNA in 
untreated roots exceeded that observed in lAA-sttmulated roots of wild-type plants (Fig. 
1 . panel c). and these lines were chosen for further study. -.. 

!5 An Nhel site was introduced in the third codon of the cyclaAt cDNA bv in vitro 
mutagenesis and this open reading frame subsequently ligated to the cdc2a4t promoter 
with an in vitro generated Xbal site at codon 3. This fragment was ligated into P BiB-Hv C 
(Becker et ui. PL Mol. Biol. , 20:,,95. 1992) and transfected into Agrobank 
iu^aciensGVim (Koncz and Schell, Mol. Can. Genet., 204:383. 19B6). Arabiaopsi, 

0 ihallana IA. tkaliana, (ecotype Columbia, was transformed by vacuum infiltration 
(Bechtold a al.. supra), and transgenic seedlings (TO generation ) were selected on MS 
Pgtes containing 30 .g/ml hygromycin. 52 independent transgenic lines were obtained 
and elevated level, of cyclaAt mRNA were detected in 9 of the 1 1 lines analvzed in 

^ detail. Growth assays were performed on heterozygous Tl and homozygous T2 pro R env 

5 as indicated. " " 

Figure 3 shows increased root growth rate in Arabidopsis ectopically expressi ne cvcla.lt 
cyclin. Pane, a. Wild-type (/,*) or transgenic ,i„e 6A (Tl generation) containing the 
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cdc2a4r::cycJ aAt gene fusion (right). Arabidopsis seed were plated on MS (3% sucrose) 
agar and grown in a vertical orientation for 7 d. Plants transformed with the vector alone 
or with .unrelated promo ten :uidA constructs or with a cdc2aAt::cyclaAt fusion in which 
the cdc2aAt 5' untranslated leader was interrupted by a DS transposon insertion did not 
5 show this phenotypc. Panel b. wild-type [left) or transgenic line 6A CT1 generation) 
{right) 6 d after IAA .induction of lateral roots. One week-old seedlings grown 
hydroponically were treated with 10 uhi IAA cff to stimulate lateral root development. 

Strong expression of the cdc2uAt::cyclaAl transgene caused a marked increase in the 
rate of organized root growth (Fig. 3. panel a). Homozygous or heterozygous seed were 

1 0 plated on MS agar and plants grown in vertical orientation for 7 days with a 1 6h day/ 8 
h night, schedule at 22 °C. Four images of each plate were acquired with a Speedlight 
Platinum frame grabber (Lighttools Research) at 24 h intervals and root growth analyzed 
with NIH-Image by measuring the displacement of root apices. Following growth 
analysis, roots from 10 plants of each class were collected and RNA analyzed. To 

1 5 measure cell, sizes, roots were cleared by overnight incubation in saturated chloral 
hydrate, visualized with Normarski optics, photographed and analyzed with NIH-Imaee. 
Statistical analysis (t-test with unpaired variances) was performed with MS Excel. Root 
growth in lAA-trcatcd plants was assessed 3 and 6 d after induction by determination of 
fresh weight of roots excised from liquid-grown plants and then dry weight following 

20 lyophilization for 24 h. Total DNA was extracted from dried material (Ausubel et ai. 
supra). 

In heterozygous T2 progeny, increased growth rate, measured by displacement of the 
apex of the main root in time-lapse photography, strictly co-segregated with transgene 
expression and individuals lacking the transgene grew at the same rate as wild-type 
25 plants (Table 1 ). The average size of epidermal. corticaL endodermal and pericyele cells 
was equivalent or slightly reduced in cdc2aAr::cyclaAt transformants compared to wild- 
type plants. (Table 2). and hence increased growth reflects increased cell number rather 
than cell size. The pattern of spontaneous lateral root initiation and overall root 
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morphology were indistinguishable in wild-type and transgenic plants (Fig. 3. panel a). 
When treated with 1 uM IAA f which induces well-separated lateral root primordia . the 
frequency of primordia initiated per unit length of the main roots was not altered (mean 
of 1 .08 initials/mm with a standard deviation of 0.09 in wild-type compared with 1 .14+/- 
5 0.07 and 1.09+/-0.13 in the two transgenic lines examined). However, growth and 
development of lateral roots following induction by 10 uM IAA. was markedly 
accelerated in the cdc2aAt::cyclaAt transformants, giving rise to a much enlarged root 
system (Fig. 3. panel b). Enhanced root growth in cdc2aAt::cyclaAt plants following 
IAA treatment superficially resembles the alfl phenotype (Celenza et ai. Genes & 

1 0 Development. 9:2131. 1 995) and these plants have elevated levels of eye laAi transcripts 
but in contrast to cdc2aAt::cyclaAt transformants. alfl plants initiate supernumerary 
lateral roots. The several-fold greater gain of fresh weight in lAA-treated 
cdc2aAt::cyclaAt plants compared to equivalent wild-type controls was accompanied 
by marked increased in DNA content and dry weight (Table 3). Confocal microscopy 

1 5 confirmed that the enhanced growth response to IAA. which was also observed in'several 
lines showing weaker cdc2aAt::eye 1 aAt expression, did not reflect transgene stimulation 
of cell vacuolation or elongation. Thus, ectopic cyciin expression enhances root growth 
by stimulation of cell division activity in meristems. thereby increasing the rate of cell 
production without altering meristem organization. - 

20 The data above indicate that cdc2a4t:: eye laAi expression is sufficient to enhance growth 
from established apical meristems. suggesting that cell cycle activity regulates meristem 
activity. However, the failure to induce gratuitous organ primordia by ectopic expression 
:%f cyclaAt under control of the ede2aAt promoter implies additional control points in the 
generation of a new apical meristem, either through post-translational regulation of 

25 cyclin-dependent protein kinase activity or the operation of parallel regulatory pathways. 
In most animal cells, the commitment to cell division occurs late in Gl (Pardee. A.B.. 
Science. 246:603. 1989). and cyciin Dl and cyciin E are rate-limiting for Gl progression 
in cultured cells (Ohtsubo and Roberts. Science, 259:1908, 1993; Quelle et ai. Genes 
Dev,7:1559. 1993: Resnitzky and Reed. Mo/. Cell Biol. 15:3463. 1995). Elevated levels 
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of cyclin D 1 are observed in several tumors (Motokura et aL Nature. 350:5 12. 1991; 
Rosenberg et al. Proc. Natl. Acad. Sci. USA. 88:9638. 1991; Withers et aL Mol. Cell 
Biol., 11:4864. 199H and ectopic expression in transgenic mice promotes hyperplasia 
and adenocarcinomas (Wang et ai. Nature, 369:669. 1 994). 

5 In contrast, ectopic expression of cycJaAt did not result in neoplasia but stimulated 
organized growth, without altering meristem organization or size as monitored bv 
confocai microscopy. Moreover, morphology of the transgenic plants was not altered and 
increased growth was accompanied by accelerated organ development. Thus, cyclin 
expression is a crucial, limiting upstream factor in an intrinsic regulator,- hierarchv 

10 governing meristem activity, organized growth and indeterminate plant 
development.This regulatory hierarchy, which is distinctly different from that in animals. 
. where determinate development limits proliferative growth, exemplified by the strict 
morphogenetic control of cell division during muscle differentiation (Halevv ci aL 
Science, 267:1018. 1995: Skapek et al. Science, 267:1022. 1995). may underlie the 

1 5 striking plasticity of plant growth and development (Drew. M.C.. New Phytol.. 75:479. 
1975). Cyclin abundance may function as a rheostat to allow flexible growth control in 
response to changes in the environment such as nutrient availability. 
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Table 1 

Root apical growth 

Plant Rate [jum-h-'l % of wild -type n 

line 



Col-0 (-) 254.1 100 

2A5 (-) 253.1 99.6 

3 A ( + ) 341.4* 134.4 

3 A (-) 259.4 J02.1 



10 4A3 ( + ) 291.6" 



6A (+) 354.1* 139.5 

6A (-) 252.4 99.3 

7A (+) 344.9* 135.7 

7A (-) 249.8 98.3 

1? »A (+) 335.4* 13].9 

8A (-) 258.6 101.8 

HAl (-) 258.8 101.8 

2 AS (-) 253.1 99.6 



57 

56 

20 
30 



114.8 47 



20 
16 

24 
19 



45 



56 



Table 1 shows a comparison of root apical growth rates. Plant line = independent 
20 iransformants (except for Col-0). (+) = plants that show enhanced growth phenotype due 
to presence of adequate levels of cyclin-encoding nucleic acid. (-) = plants that have lost 
introduced cyclin-encoding nucleic acid or do not exhibit sufficient evelin expression for 
enhanced growth. Rate = rate of displacement of root apex per unit lime f *denotes 
_ values significantly different from Wild-Type growth rate.) n = number of individual 
-3 pi ants anal yzed. 
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Cell Type 


Col-0 
( wild type) 


Tabic 2 

7 A 

(transgenic) 


i iant line 

8A 

(transgenic.) 




Size [/^m] n 


Size [um\ 


n 


Size \um\ n 


Epidermis 


137 37 


129 


34 


158 12 


Cortex 


159 31 


135* 


7 


160 9 


Endodermis 


109 23 


90* 




107 11 


Pericyclc 


73 26 


67 


19 


71 57 



Plant line 

Col-0 
15 4A3 
6A 
7A 
8A 



20 



Fresh weight 
[mg| 



3d 
11 
31 
30 
24 
18 



6d 
25 
136 
155 
156 
134 



Table 3 

Growth of seedling root system 



Dry weight 
fmgj 

3d 
1.7 
4.5 
4.2 
3.5 



DNA per root 
t."gj 



6d 
2.4 
15.4 
19.3 
16.8 
12.8 



3d 


6d 


5 


14 


8 


35 


10 


46 


9 


38 


8 


-> 



I able _ shows a comparison of cell size: and Table 3 shows a comparison of root growth 
after IAA treatment in wild-type and in transgenic Arabidopsis lines containing the 
cdc2aAi::cyclaAt gene fusion. The lines 3A. 6A. 7A. 8A are heterozveous Tl 
populations w.th more than one introduced transgene; (+) denotes plants with increased 
cycjciAt transcript levels. (-) plants with wild-type cvcJaAt transcript levels The 
following T2 lines are homozygous for cdc2aAt::cvcJaAr. 2A* 4A3 and 11A1- 
constirut.ve cycJa4t expression in 4A3. but not in 2A5 and 1 1A1. exceeds JAA-induced 
wild-type levels (Fig. 1). n. number of plants analyzed. *. means that are sisnificantlv 
different from the wild-type: for a. P<0.001. for b. P<0.01 . Fresh weieht - weight of 
freshly excised root system. Dry weight = weieht after 24 hours of drvino 



SUBSTITUTE SHEET(RULE 26) 



BNSDOCID: «WO 9803631 A 1_l_> 



WO 98/03631 

PCT7US97/12656 



23 



The foregoing description of the invention is exemplary for purposes of illustration and 
explanation. It should be understood that various modifications can be made without 
departing from the spirit and scope of the invention. Accordingly, the following claims 
arc intended to be interpreted to embrace all such modifications. 
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What is claimed is: 

1 . A method of producing a genetically modified plant characterized as having 

increased growth and yield as compared to the corresponding wild-type plant, 
said method comprising: 
5 contacting plant cells with nucleic acid encoding a cyclin protein. 

wherein said nucleic acid is operably associated with a regulatory sequence, 
to obtain transformed plant cells: 

producing plants from said transformed plant cells: and 
selecting a plant exhibiting said increased yield. 

10 2. The method of claim 1. wherein the genetically modified plant exhibits 

increased root growth. 

3. The method of claim 1. wherein the genetically modified plant exhibits 
increased shoot growth. 

4. The method of claim 1. wherein the cyclin is cyclaAl. 

15 5. The method of claim 1. wherein the regulatory' sequence is a promoter. 

6. " The method of claim 5. wherein the promoter is selected from the group 

consisting of constitutive promoters and inducible promoters. 

7. The method of claim I . wherein the contacting is by physical means. 
8". "The method of claim 1 . wherein the contacting is bv chemical means. 



( 
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9. The method of claim 1. wherein the plant ceil is selected from the group 

consisting of protoplasts, gamete producing cells, and cells which regenerate 
into whole plants. 



10. The method of claim 1. wherein said nucleic acid is contained in a T-DNA 
5 derived vector. 

11. A plant produced by the method of claim 1 . 

12. Plant tissue derived from a plant produced by the method of claim I . 

13. A seed derived from a plant produced by the method of claim 1 . 

14. A method of producing a plant characterized as having increased growth and 



10 yield, said method comprising contacting a plant with an agent*, which 

elevates cyclin expression above cyclin expression in a plant not contacted 
with the agent. 

15. The method of claim 14. wherein increased growth and yield results from 

increased root growth. 

i.. 

15 16- The method of claim 14 wherein increased growth and yield results from 

increased shoot growth. 

A ".V>, 

17. The method of claim 14, wherein the cyclin is cyclaAt. 

18. The method of claim 14. wherein the agent is a transcription factor. 

1 9. The method of claim 14, wherein the agent is a chemical agent. 
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A method of providing increased transcription of a nucleic acid sequence in 
plant tissue, wherein said method comprises: 

growing a plant having integrated in its genome a nucleic acid 
construct comprising nucleic acid encoding a cyclin protein, wherein said 
nucleic acid is operably associated with a tissue specific promoter whereby 
expression of said cyclin-cncoding nucleic acid is increased in said plant 
tissue. 

( 



( 
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FIG. 1A 



FIG. 1B 



FIG. 1C 
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